Method for effecting computer implemented decision- support 
xn the selection of the drug therapy of patients having a 
viral disease 

The present invention relates to a method for 
effecting computer- implemented decision- support in selection 
of a drug therapy of patients having a viral disease. 

WO 9727480 discloses a method for managing HIV 
chemotherapy of patients who are HIV positive based on the 
genotypic drug sensitivity of human HIV strains. According 
to this known method a cell line is transfected, the 
transfected cells are cultured and the sensitivity to an 
inhibitor is assessed to obtain a data set on the virus 
sensitivity. The optimum inhibitors, i.e. drug(s) for 
chemotherapy, is/are selected on the basis of a graphical 
representation of the data obtained in chis manner. This 
known method requires extensive laboratory work and is time 
consuming. 

The invention aims to provide an improved method of 
the above-mentioned type. 

According to the invention a method for effecting 
computer implemented decision-support in selection of a drug 
therapy of patients having a viral disease, comprises 
providing a rules database, providing an input of patient 
data including genotype data on the viral genome of the 
viral disease, wherein the rules database comprises a number 
Of associated rules for each available drug for treatment of 
the viral disease, each rule indicating the suitability of 
the drug for treatment of a patient infected with a specific 
viral genotype, entering the patient data into the rules 
database, the database providing an output of drugs suitable 
for therapy, and displaying the drugs suitable for therapy 
in a ranking in accordance with their suitability 
indication, for selection. 
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In this manner a tool is obtained by means of which 
a physician is provided with a clear and concise overview of 
. the individual drugs and information relevant, to each of 
them. He can take this information. into account when 
deciding on a drug therapy for a particular patient . 
Extensive laboratory tests to determine the phenotypic 
sensitivity as in the prior art method are not required. The 
method of the invention thereby reduces the time period 
needed to obtain data fo.r selecting a suitable drug therapy 
from 2-3 weeks to 2 days. Any new information on drug 
resistance of specific genotypes can be introduced into the 
rules database in an easy manner. 

In the preferred embodiment of the invention, the 
suitability indication of the rules is based on at least a 
first value indicating the resistance level of the genotype 
•for the drug when present at a certain drug level in a 
patient. Thus, the selection of the most suitable drugs is 
further refined. Rather than judging whether a drug is 
suitable solely on the basis of a viral genotype, the 
suitability is based on the effect the drug would have at a " 
certain drug level in a patient with that viral genotype, 
usually the drug le^el that ia most likely to occur. 
In a preferred embodiment that enhances the 
embodiment just described, the first value is a function of 
the drug level, and an expected drug level in the patient is 
further provided and entered in the database. Thus, the 
method can determine the suitability of drugs in a way that 
is even more specific to the particular patient, because the 
expectation will usually be based on data characterising 
that particular patient, for example measurements of drug 
levels in a blood sample taken from the patient. 

The invention will now be further explained by 
reference to the drawings. 

.Figures 1 - 4 show different displays presented 
during use of an embodiment of the method of the invention. 

in the following description an embodiment of the 
method of the invention will be described as applied in 
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determining a drug therapy or.regitnen of an Hiv infected 
patient. However, the method of the invention can also be 
used :Ln determining drug therapies for treatment of patients 
having other viral diseases, for example hepatitis B or 
5 hepatitis C. 

The method is implemented as a computer application 
program that can be run on any suitable PC. According to the 
method a rules database is provided, wherein the rules 
database, comprises, for each presently available drug for 
10 treatment of HIV a number of associated rules. In an 

embodimexxt of the method described by way of example only, 
fourteen drugs are included in the database, comprising six 
nucleoside reverse transcriptase inhibitors, three non- 
nucleoside re..erse transcriptase inhibitors and five 
L5 protease inhibitors. Further, four protease combinations are 
present, the so-called boosted protease inhibitors regimens. 

A3 known, the information content of an Hlv is 
contained in a set of genes encoded in its genome. The 
genome governs the production of proteins, important in the 
0 virus life cycle. A protein is a sequence of amino acids, 
with each amino acid being one of twenty different 
varieties. In the embodiment described, the proteins 
targeted by the drugs included in the rules database are 
reverse transcriptase (RT) and protease (P) . it will be 
5 understood however that generally the rules database may 
comprise rules regarding other proteins and drugs targeted 
at such proteins . Reverse transcriptase and protease are 
mentioned by way of example only and the invention is not 
restricted to rules and drugs targeted at these proteins 
> only. When gene mutations occur, different amino acids may 
be substituted in these proteins. Research has shown that 
certain substitutions cause resistance to certain drugs. The 
knowledge included in the rules database is obtained from 
scientific articles and the like. More specifically, the 
rules of the database are based on the international (peer- 
received) scientific literature on Hiv-resistance . The rules 



are updated frequently and the new rules reflect the latest 
publications on this subject. 

To guarantee the quality of the rules used, the 
updated rules are first built into a prototype of the method 
5 described. A large number of independent international 

clinical and virological experts evaluate the new prototype 
running panels of clinical samples. The feedback of all 
experts is then presented to a core-committee of ten 
academic experts who weigh up these contributions to 
0 determine the final rules. 

All pharmaceutical companies producing anti- 
retroviral drugs receive the prototype and evaluate the 
performance for their drugs. The comments of the companies 
need to be supported by scientific and/or clinical evidence, 
5 and are also presented to the core -committee. The core- 
committee determines the final set of rules that are 
contained in the release version of the software in which 
the method described is implemented. 

A substitution is generally represented by a number 
► for the position of the substitution in the gene and a 

letter for the amino acid. The protease portion of the gene 
has 99 positions and the reverse transcriptase portion of 
the gene has at least 500 positions. At each position one of 
twenty different amino acids may occur, wherein however the 
number of substitutions known to occur at each gene position 
is small. Examples of the format to indicate substitutions 
are 7.0R, 151M and 215Y. It is noted that the HIV reference 
genome used in this description is known as NIi4-3. 

As will be described hereinafter, genomic 
information is entered and the method identifies different 
categories of substitutions, the categories being relevant, 
natural or unreported. Relevant ' substitutions are those 
substitutions that are taken into account by the method when 
using the rules database to assess the suitability level of 
the drugs. Natural substitutions are^those substitutions 
that are kiiown to occur, but which are not known to affect 
drug resistance. Finally, unreported substitutions are 
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substitutions which are currently not known to the system 
and whose effects on drug resistance are also unknown. 

For each substitution or combination of 
substitutions known to affect drug resistance, a set of 
three values is assigned to each drug giving information 
about the effects of substitutions, 

The first value is indicated as resistance level 
providing information on how much resistance is conferred on 
this drug by this substitution. The resistance level is 
represented on a scale from o (low resistance) to 3 (high 
resistance).. 

A major advantage of the invention is that the 
resistance level is not only related to the particular 
substitution, but also to a certain drug level in a patient 
Two parameters thus determine the suitability level, namely 
drug resistance and drug activity. The drug level, simply 
put, the concentration of the drug in a patient's body, 
depends on the dose taken by the patient and the patient's 
metabolism. 

in its most basic form, the certain drug level on 
which the resistance level is related is the drug level' 
found statistically to occur most often in. patients given 
the recommended dose of the drug. 

In a more advanced version of the invention, the 
first value is stored in the database as a function of the 
drug level. This allows a differentiation according to 
patient, since the drug level resulting from a certain drug 
dosage can vary from patient to patient. Information entered 
concerning the drug level expected for a patient can then be 
used to determine the suitability of a drug. The information 
can be based on a patient profile and statistical data. 
Preferably, however, it is based on measurements of a drug 
•level occurring in a patient, obtained, for example, by 
analysis .of blood or tissue samples taken from the patient. 

The second value assigned to each drug is indicated 
as confidence level indicating how much support there is for 



this result in the scientific literature. A. confidence level 
has one of the three following levels: 



(1) . suggestive evidence, 

(2) proven in vitro, 

(3) proven in vivo 

Finally the third value assigned to each drug is indicated 
as suitability level and this suitability level is based on 
combining and weighing the resistance level, the drug level, 
the confidence level and clinical experience. This 
suitability level indicates the suitability of the drug for 
use with the given siabsti tut ions of the HIV of a specific 
patient . Suitability levels range' as follows : 

0 or A Can be used 

1 or B Consider use if level A drug not available 

2 or C Consider use if drug at level A or B not 

availeible 

3 or D Consider use if drug at level A, B or C not 

available 

4 or U Not enough data is available to make any 

comment 



For rules with a suitability level TJ, the 
resistance and confidence levels are not normally given. 

The clinical experience can mean experience 
provided by experts, or it can coirprige the outcome of 
clinical studies relating the presence of substitutions at 
start of therapy directly to clinical or virological 
outcome. 

In the rules database, each rule indicates the 
resistance, confidence, and suitability levels, except for 
the suitability level U as indicated above. There are 
separate rules for P substitutions, 'which affect PI drugs, 
and RT substitutions, which affect Nrti and NNRTl drugs . 
Where a substitution appears in a rule without a letter, it 



xe aeeumed to represent all the relevant substitutions, some 
rules reference single substitutions, whereas others specify 
combinations of substitutions. Some example rules for. 
protease substitutions are as follows: 



guhsti tutlon 


drug- 


reaxstance (S) level 


confidence 


sui Cahlllty 


48V 


IND 


0 


100 


2 


1 


48V 


IND (+RTV) 


. 0 


1000 


2 


1 


48V 


IND (+RTV) 


i 


100 


2 


2 


82A/P/T/S 


IND 


1 


100 


2 


1 


84+90+45 


NFV 


.3 


.100 


3 


3 


4BV 


FTV 


X 


100 


2 


2 


90M/I 


AMP 


1 


10000 


2 


2 



It is noted that the substitution 82A/P/T/S should be read 
as any of 82A, 82F, 82T or 82S, whereas the substitution 
84+90+46 should be read as a relevant substitution at 84 and 
a relevant substitution at 90 and a relevant substitution at 
46. 

Some example rules for rt substitutions are as 

follows: 



sLLbsfci tution 


drug 


rGslacance @ level 


conJfi device 


sui cabin cy 


215Y/F ^f 41 


ZDV 


3 


100 


3 


3 


236; 


NVP 


0 


100 


2 


0 


three of 
(41,67,70,210, 
215,219) 


D4T 


1 


100 


1 


1 


184 + two of 
(41,67,70,210, 
215,219) 


ABC 


2 


10000 


2 


3 


69SS -f- 215 


3TC 


2 


100 


2 


2 


179D 


DLV 




100 







In applying the rules database, for each PI or NRTI 
drug, where one of more rules apply, the suitability level 
is the maximum of all levels derived. For each- NNRTI drug. 



8 



5 



Where more than one rule applies, the suitability level is 
the sum of all levels derived, up to a maximum of 3. 

As shown in the second and third rows of the first 
of the above-provided tables, further rules, can be present, 
i when the use of one drug affects the suitability of a drug' 
It has been found that certain drugs taken in combination 
with another. drug are present at much higher drug levels in 
the patient, because the other drug affects the uptake of 
that certain drug by the patient. Accordingly, the first 
value in the rule for that drug, when taken in combination, . 
will be based on a different drug level. 

The presence of another drug can also influence the 
value of the resistance level to another drug, through the 
selection of certain substitutions, which influence the 
resistance to the other drug. This leads to a different 
first value in the rule for that drug when taken in 
combination with the other drug, than is comprised in the 
rule for the drug when taken on its own. 

In using the rules database for determining the 
drug therapy of a patient, patient data should be provided 
as input to the rules database. For this purpose, the 
program implementing the method allows to enter patient 
details using a display as shown in figure 1. Patient data 
to be entered includes patient's name, a patient's 
identifier and the date of the patient's blood sample from 
which the laboratory results were obtained. Further it is 
possible to enter data on the current treatment of the 
patient in three different fields, i.e. a PI drug field i, a 
NRTX drug field 2 and a NNRTI drug field 3. The names of the 
available drugs are shown and clicking on a drug name in any 
of the three fields indicates that this drug is used in the 
current treatment of the patient. Clicking on a drug name 
again deselects that drug. Any number of drugs from each 
list may.be selected. 

The laboratory results obtained from the blood 
sanple of the patient can be entered by means of the display 
shown in figure 2. As shown in figure 2, the display 
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includes a protease field 4 and a reverse transcriptase 
field 5. In these fields the P and RT substitutions are 
entered separately and this information is used by the rules 
database to provide information on the drugs to be used 
5 preferably for treatment of the patient. 

Further data to be entered may comprise information 
on the viral load, the CD4 cell count, if known, and the 
clade classification. The clade classification can be 
selected from a drop- down menu. As an alternative, the 
10 genotype data entered in fields 4, 5, can be used by the 
method to identify the clade to which the virus in the 
patient belongs- The clade information can be used in 
yi selecting a drug therapy. 

When the database comprises tables linking drug 

01 

15 resistance values to drug levels^ further data will be 
pj entered. Ideally^ this will be the result of patient- 

specific drug level measurements/ which are easily obtained 
during analysis of the blood sample taken from the patient,. 
f|| especially when the patient is already taking a drug. 

0:1 20 Alternatively relevant statistical data/ like the patient's 
weighty can be > used to provide an estimate of the likely 
drug level. If this is not possible, data from clinical 
trials on groups of patients could, for example be used to 
provide an expected drug level . 
25 As an alternative for entering the genotype or 

substitution data manually in the fields 4, 5, this data can 
be read directly from an output file of the sequencer system 
used to determine the genotype data. The sequencer output 
file is loaded by clicking on a button on the display of 
30 figure 2 labelled "Load file". 

The P and RT substitutions data or more generally 
genotype data of the viral genome is used by the rules 
database to provide a drug ranking as shown for example in 
the display of figure 3. According to figure 3, the drugs 
35 are again divided into three separate groups, i.e. PI group 
6/ NRTI group 7 and NNRTI group 8. Within each group ^,1, 8 
the drugs are individually ranked depending on the 
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substitution data entered, with the drugs least likely to be 
associated with clinical resistance in this patient 
appearing at the top of each list. 

The preferred embodiment of the invention has the 

advantage that drug levels are used to refine the ranking. 
Where two drugs have equal suitability indications, the drug 
level is uBed to place them in the ranking. The drug to 
which resistance occurs at higher drug levels is placed 
above the drug to which resistance occurs at lower levels. 
In this way, the effect of another drug on the drug level 
can be taken into account when compiling the ranking. If a 
second drug leads to a higher level of a first drug, then 
the combination of the two is placed higher in the ranking. 

As shown in figure 3, the drugs are ranked 
individually according to their suitability. Where certain 
drugs influence each other's suitability level, combinations 
of drugs are included in the ranking. This provides a 
concise overview to the physician using the invention. The 
physician can select drugs one at a time at his own 
discretion to devise a complete drug regimen for therapy. 
Only when one drug affects the suitability indication of 
another is the combination comprised in the ranking. The 
physician does not have to choose between a large group of 
combinations of drugs and can take into account any 
additional knowledge and e3«perience of the drugs and the 
patient's reaction to them. 

The ranking of the drugs can be emphasised by using 
different colours in the ranking, other ways of emphasising 
the ranking are, of course, also conceivable, including 
flashing displays or the addition of symbols. 

As shown in figure 3, each drug in the ranking 
lists 6. 7, 8 has two associated buttons, wherein the left- 
hand button is shown selected if the patient is already 
taking this drug as entered as current treatment in the 
display of figure 1. The right-hand button refers to a new 
treatment .and may be selected or deselected by clicking and 
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indicates whether this d^rug is bein$ chosen as a new 
treatment for this patient . 

The display of figure 3 can include a button' 
"Continue On Regimen", wherein by clicking this button it is 
indicated to continue with the current treatment for the 
patient. This automatically highlights all the new treatment 
buttons to match the cuirrent treatment buttons. 

The display of figure 3 has a further button 
"Interpret Substitutions", wherein by clicking this button 
the classification of the substitutions of the patient will 
be shown on the screen. The method classifies each 
substitution entered by the user in the display of figure 1 
into one of the three above-mentioned categories. 

If the user is interested to obtain further 
Information on the drug ranking, the user can obtain further 
information by double -clicking on any drug name in the 
ranking list. In this manner a list of available references 
from the scientific literature will be displayed supporting 
the particular ranking for that drug. An example of the 
display obtained is shown in figure 4 , 

As mentioned above the method can be -used by 
running a program implementing the method on a PC. The 
program can be distributed on any suitable program carrier 
or by downloading from the Internet- As an alternative the 
method can be implemented by running the program on a 
central computer which provides directly or through an 
intermediate server a web-site on the Internet. The web-site 
allows the use of the program. Access is possible by means 
of any known web browser. Of course any suitable restricted 
access by means of passwords and identifications can be 
implemented. This embodiment shows the advantage of an 
optimal control on updates of the program and rules 
database . 

The method described shows the advantage that in a 
laboratory test only the genotype data need to be determined 
and extensive laboratory teste to determine resistance 
against drugs is avoided. Available evidence and the advice 
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of an expert panel are combined in suitability level advice 
of available drugs. In this manner the user can determine a 
drxig therapy in a very efficient manner so that treatment of 
a patient is not postponed unnecessarily. As soon as new 
reliable data becomes available, this data can be added to 
the rules database in the form of new rules. 

The invention is not restricted to the above- 
described embodiment, .which can be varied in a number of 
ways within the scope of the claims. 



